In this paper, a new type photoactive compounds (PAC) of diazidonaphthoquinone(DNQ) have been synthesized based on the ballast of 2,2-diphenyl-2-phenols group acetic lectone compound which is synthesized from benzilic acid.
Introduction
There have been previously a lot of studies and reports on DNQ series photoactive compounds(PAC) used for positive photoresists~l~3) Based on industrial application and selection 2, 1, 5 -diazonaphthoquinone sulfonic acid ester whose ballast is polyhydroxyl benzophenone is so far the best PAC for photoresists when exposed by g line and i line. As photoresists, the photosensitive compositions composed of this kind of PAC and novolac resins which are synthesized from m-cresol and p-cresol have many advantages such as great thermal stability, high sensitivity when exposed by g line, good development latitude and resolving power, etc. So the PACs have played an important role in the manufacture of 64k and even 32MB silicone wafer and they are still used widely now. But the ballast of polyhydroxyl benzophenone which is an UV absorber has absorption in near UV region especially in deep UV region, so the bleaching performance of the PACs synthesized from it is poor in near and deep UV region during exposure. The photodecomposition of the inner layer of the resist film will be influenced so the photosensitivity decreases even when exposed by i line (365nm). Usually deep UV line such as 254nm or 248nm is used to improve the resolving power of the resists, however the defect of the PACs is more evident as a consequence. In order to overcome the shortcomings, a series of non-polyhydroxyl PACs have been developed in recent years~2,4}, such as diazonaphthoquinone sulfonic esters of mono-alicyclic alcohols, poly-alicyclic alcohols and phenols compounds, but their comprehensive performances are not as good as the PACs synthesized from polyhydroxyl benzophenone. Especially in the dissolution inhibiting effect before exposure, dissolution accelerating effect after exposure and resolving power, polyhydroxyl series PACs have obvious predominance. temperature was controlled between 38-40°C, then the reaction continued for 30 minutes. The reaction solution was poured in distilled water 10 times as much as volume of the solution and the PH value was adjusted to 5-6. After full precipitation the product was filtered and washed with distilled water repeatedly. At last the product was washed with iso-propanol and dried at low temperature or at vacuum. AThe related performances of the 2.3 Binder resin used for photosensitive compositions The binder resin being used is BTB-25 novolac which is developed and produced by Beijing Normal University combined with Tiancheng chemical technology company in Weihai City in Shandong Province. Some data of BTB-25 is shown as follows: MW=4000; MW/MN=3.6; softening point temperature 115°C; fog-muddy pomt(PH value) 11.4; the content of phenolic monomers <1%; condensation ratio in double ortho way 0.65. The mixed phenolic resin which is condensed from m-cresol and p-cresol with formaldehyde can also be used as the binder resin.
Analysis
IR spectrum was measured with SHIMANZ IR 408 spectrometer by the way of film coating or tableting. UV spectrum was measured by HITACHI UV 240 spectrometer. NMR spectrometer was used to define the introduction position and microscopic structure of the product by DEPT135 treatment. It can determinate components of the product and content of major product when matched with GC-MS (gas chromatography-mass spectrometer).
The dissolution inhibiting/dissolution accelerating effect of the PAC is characterized with the optimum MB/MP value (written in B/P briefly) where MB is the binder resin mass and Mp is the PAC mass. The higher B/P value is, the stronger dissolution inhibiting effect is. The optimum B/P value refers to the B/P value at which the best image is obtained in practical developer. The maximum B/P value is the B/P value at which better image is gotten in permitted weak developer. The MrJMDNQ value or (MC/MDNQ)max value can also indicate the measurement of the dissolution inhibiting effect where 1vIc is the whole mass of the photosensitive composition and MDNQ is the mass of DNQ groups in the photosensitive composition.
The relative photosensitivity of the PACs is represented by the most suitable exposure energy of each PAC, which is the exposure energy that is required for three steps to be washed out completely in practical developer after the photosensitive layer has been exposed with Kodak Photographic Step Tablet No.2. The less the exposure energy is, the higher the sensitivity is.
Other assessing methods are described in references 6-7.
Results and Discussion 3.1 Characteristics of the ballasts
Each molecule of this kind of ballast has three benzene rings, two of which have no polar substituted group and one contains both alkaline soluble phenolic hydroxyl group and phenolic inner-ester structure, so some properties in table 1 are determined: ©MIA value of the molecule is high, for example MIA value of B-1 is four times as high as MIA value of trihydroxyl benzophenone. The dissolution inhibiting effect of the ballast itself is very strong in alkaline solution. ®One hand, the inner-ester link in the molecule strengthens the dissolution inhibiting effect of the ballast because of an association reaction between carbonyl group of ester and phenolic hydroxyl group of the novolac, on the other hand inner-ester link is easily hydrolyzed in concentrated alkaline solution at room temperature, which benefits the photoresist image to be taken off finally. ®The absorption of each ballast molecule in near and deep UV region is far less than that of trihydroxyl benzophenone, especially in nearby 365nm region there is no absorption almost, so the bleaching performance of PAC synthesized from the ballast is good. The performances above mentioned are very ideal for the ballast of the new type PAC.
Solvent performance of the PACs
The PACs are easily soluble in common solvent for PS plates (including thermal-sensitive CTP plates) and the photoresists, for example, they are soluble or easily soluble in ketone, ethyleneglycol monoethyl ether acetate and 1,4-dioxane etc. They are difficultly soluble or insoluble in printing ink solvent such as petroleum series solvent or benzene series solvent. They also have resistances to ethanol or iso-propanol which is added in the moistening plates. The experiments indicate that anti-etching performance of the PACs is very strong in acid solution, such as 1 %HCI, HF and H2SO4. Another remarkable performance is that they are hydrolyzed and taken off easily in NaOH solution with concentration higher than 3%, although they are very difficult to be hydrolyzed in 1 % NaOH solution. The performances are ideal for PAC which is used in the resists or the printing plates.
Dissolution inhibiting/dissolution accelerating performance of the PACs
The dissolution inhibiting effect of the PACs in alkaline developer should be as strong as possible before exposure or heat scanning. It is expected that the dissolution accelerating effect gets strong to some extent in alkaline developer *RJR: residual film ratio in developer for 3min Table 3 shows the experimental data and calculation results of related dissolution inhibiting effect of the PACs compared with PAC-6 synthesized from trihydroxyl benzophenone. As for MIA value, when one hydroxyl group of each ballast molecule and trihydroxyl benzophenone introduces DNQ group, MIA values of PAC-l, PAC-2 and PAC-3 are all infmite and MIA values of PAC-4(1), PAC-5(l) are both 3 2.3 5, but MIA value of PAC-6(1) is only 13.59 and MIA value of PAC-6(2) which is synthesized with two DNQ groups being introduced to trihydroxyl benzophenone is just 40.82. It is illustrated that MIA value of the synthesized PAC increases if MIA value of the ballast itself is high and the dissolution inhibiting effect of the PACs inevitably becomes strong. Previously, the dissolution inhibiting effect was measured by the dissolution inhibiting index MDNQIMPAC, which is the mass ratio of DNQ groups to the molecular weight. It was generally considered that the higher the dissolution inhibiting index, the stronger the dissolution inhibiting effect of PAC. It is not the case in fact, MDNQfMPAC value just means the mass ratio of DNQ group to one PAC molecule as shown in table 3. High MDNQ/MPAC value indicates that the consumption of diazonaphthoquinone sulfonic acid chloride is great when lmol PAC is synthesized. The dissolution inhibiting/dissolution accelerating performance of PAC is assessed by selecting the after exposure or scanning and wider development latitude can be obtained.
best MB/MP value (B/P) and the permitted highest B/P value after preparing photosensitive composition with each PAC and novolac binder resin. The higher the two values are, the stronger the dissolution inhibiting effect of the PAC is. The experiment data in table 3 According to reiatea aeveiopmg time m tame 4, the data of the photosensitive compositions containing the new PAC are within the controlled scope and the performances of the photosensitive compositions are at the same level with the resist compositions containing PAC-6. When (M/A)&yr value is high, it is worried that there is toning after development. According to the data in table 4 the misgivings can be dispelled. As for the time without gloss loss of the photosensitive composition film in the developer (residual film ratio is approximate to 100%), the performances of the photosensitive compositions containing the new PAC are the best. ® The bleaching performance of the photosensitive compositions containing the new PAC is better than that of trihydroxyl benzophenone series photosensitive compositions during exposure in near and deep UV region. The new PACs have great potentials as the positive resists, especially the resists for liquid crystal displayers and the photosensitive compositions for printing plates.
